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No. VIII.—THE LOCH LOMOND MORAINES. By J. RENWIOK. and 
J. W . GREGORY, D . S C , F.R.S., Professor of Geology in the 
University of Glasgow. 

{Read 14th March, 1907.] 

THE glacial beds beside the southern end of Loch Lomond 
contain two deposits of special interest—the low-level shelly 
boulder clay on the shore of the lake and in the Endrick 
valley and a series of well-defined moraines. The shelly beds 
are well known from the admirable paper of Dr. R. L. Jack,* 
who described them as a deposit of true and typical till, 
although containing worn and broken fragments of marine 
shells. He concluded that they are the moraine profonde of 
a large glacier, which had filled up the Loch Lomond fiord and 
climbed the rising ground between the Leven and the Endrick 
to a height of 320 feet. Further additions to our knowledge 
of these deposits on the islands in Loch Lomond and on the 
south-western shore have been made by Mr. Cunningham Craig.t 
Further information on these beds has been given by D. 
Robertson,! Adamson,§ Jamieson,|| and Smith,U of whom the 
last recorded the discovery of the remains of a reindeer in a 
shell bed below boulder clay at Croftamie, near Drymen. 

The moraines of this district may be divided into two groups. 
There are some low-level moraines of normal composition, 
which are best seen near the northern end of Loch Lomond; 
reference to the moraine at this locality has been made, amongst 

* Jack, R. L.—"Notes on a Till or Boulder Clay with Broken Shells 
in the lower valley of the River Endrick, near Loch Xomond, and its 
relation to certain other Glacial Deposits."—Tram. Oeol. Soc. Glasgow, 
vol. v., pt. 1, 1875, pp. 5-25. 

f Craig, C—[Shelly Clays of Loch Lomond]. Mem. Geol. Surv., 
Sum. Progr. Geol. Surv. U.K. for 1899-1900, pp. 165-166, Also [Glacial 
Deposits on Inch Lonaig]. Ibid, for 1900-1901, pp. 138-139. 

$ Robertson, D.—"On Clay Beds of Ross Arden, on the banks of Loch 
Lomond."—Proc. Nat. Mist. Soc. Glasgow, vol. i. (1864), 1868, p. 92. 

§Adamson, J .—"Notice of Marine Deposits on the margin of Loch 
Lomond. 5 '—Msem. Wem. Soc, vol. iv., pt . 2, 1823, pp. 334-338. 

|| Jamieson, T. F .—"On the History of the last Geological changes in 
Scotland."—Qivart. Joum. Geol. Soc, vol. xxi., 1865, pp. 170-172,202-203. 

IT Smith, J , A.—"Notice of the Horn of a Reindeer {Cervus tarandus, 
Linn.) found in Dumbartonshire."—Proc. Roy. Phys. Soc. Edin., vol. i., 
pt. 2, 1858, pp. 247-249. 
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others, by Anderson.* There is also a series of kame-like 
moraines situated at high levels in the valleys on both sides of 
the southern end of Loch Lomond. These deposits were first 
described as moraines in a paper read before this Society by the 
late Dugald Bell in 1891, and published in the Geological Maga
zine ; f he therein recorded the existence of a mound or ridge of 
detritus extending for a considerable distance along the hillside on 
the northern side of Glen Fruin, and described it as the terminal 
moraine of a glacier coming down that glen. The existence of 
a corresponding ridge of sand and gravel on the opposite or 
southern side of Glen Fruin was subsequently discovered by 
one of us (J. R.)J in 1893; he considered it and some mounds 
on Helensburgh moor to be the complement of that on the 
northern or north-eastern side, discovered by Bell, and the whole 
to be a lateral moraine formed by ice coming down Loch 
Lomond. This view was also advocated by Mr. John Smith,§ 
but was opposed by Bell in a note appended to his paper.of 
1893, and in some "Additional Notes," of which an abstract 
was published in 1896.|| 

THE GLEN FRUIN MORAINE. 

The moraine is usually low and small in comparison with 
its length and the size of the glacier by which we believe it was 
formed. It is best developed on the southern flank of Shantron 
Hill, where it is a well-marked, simple ridge, usually about 
12 to IB feet high and 30 to 35 feet wide. Its base is broader, 
and it must have been much higher in the deep, narrow valley 
of Fruin Water, which has been re-excavated through it. 

* Anderson, James—"Evidences of the most recent Glaciers in the 
Firth of Clyde Distriot."—Trans. Geol. Soc. Glasgow, voL x., pt . 2, 1896, 
pp. 198-209, pi. iv. 

+ Bell, Dugald—" On a Glacial Mound in Glen Fruin, Dumbartonshire." 
—Geol. Mag., Dec. 3, vol. viii., 1891, pp. 415-418, and fig. A fuller paper 
with the same title was also published in Trans. Geol. Soc. Glasgow, 
vol. ix., pt. 2, 1893, pp. 345-354, pi. xii., xiii. 

JRenwick, John—"Notes on an excursion to Glen Fruin, with a 
description of the Moraine on its South Side."—Trans. Geol. Soc. Glasgow, 
vol. x., pt . 1, 1895, pp. 96-104, 

§ Smith, John—"The Bell-Renwick Moraine."—Ardrossan and Salt
coats Herald, May, 1893. 

||Bell, Dugald—"Additional Notes on Glen Fruin." (Abstract.) 
—Trans. Geol. Soc. Glasgow, vol. x., pt. 2, 1896, pp. 380-381. 
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The moraine consists mainly of coarse sand, which is often 
well stratified; it includes some layers of pebbles and many 
scattered boulders. Its stratification and composition, except 
for the presence of the boulders, are both kame-like rather than 
morainic Its material is very different from the boulder clay 
of the Midland Valley of Scotland, and it is much sandier than 
the ordinary Scottish or Swiss moraines. I n spite of these 
characters, we think it is a true moraine; it includes more 
boulders than a kame, and, though some of its material may 
have been washed dowD the hill slopes against its edge, we can 
conceive of n o other agent capable of depositing it than a sheet 
of ice. The differences between this moraine and those in the 
lower parts of the Loch LomoDd basin are probably due to the 
fact that it was formed o n the edge of a thick glacier, the 
upper layers of which consisted of clear white ice, containing 
but little intra-glacial material. The glacier was flowing across 
a country from which all the loose material available for the 
formation of lateral moraines had been swept away by the earlier 
ice. Hence the upper layers of ice in this glacier probably con
tained little material, and, as this moraine dates from the 
beginning of the retreat of the ice, the hill slopes beside it were 
probably washed by heavy rain, which would have carried sand 
on to the edge of the ice. This moraine, moreover, was laid 
down on steep hillsides, and, there being much water and free 
drainage available, the fine slimes would have been washed away, 
and the moraine left as a ridge of coarse, water-washed sands. 

The Loch Lomond moraines deposited at lower levels were, 
on the other hand, formed where there was n o such natural 
drainage; the mud was deposited with the sand, and they have 
the normal composition of moraines. 

THE COURSE OF THE MORAINE. 

In BelPs original sketch m a p , * the course of the moraine is 
shown on a straight line for a length of nearly two miles from 
Shantron Hill towards eastern Helensburgh on a course approxi
mately from S.S.W.JW. to N.N.E.J E, Had this been the 
reaL course of the moraine, BelVs explanation of its origin from 

* Geol Mag., 1891, p. 417. 
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a glacier coming down Glen Fruin would have been probable. 
But in his map of 1893* the southern end of the moraine is 
bent to the south-south-east, so that he showed the concave 
side open to the east. The eastward trend of the southern side 
of the moraine is, however, far more marked than was known 
even at the time of Bell's second paper. 

The course of the moraine on the northern side of Glen 
Fruin was described by Dugald Bell in 1893, and on the 
southern side of the valley by one of us (J. R.) in 1895. The 
moraine can be traced from the slopes of Shantron Hill, from 
the level of about 700 feet, across the main Glen Fruin road 
at 392 feet, past Inverlauren at 300 feet, and down to the 
Fruin Water at about 200 feet; it can be followed up the 
southern bank of the Glen Fruin valley, and across the high 
road from Helensburgh to Luss at 285 feet, about a furlong 
west of the junction of the Craigendoran road. Across the 
deep gorge of the Fruin over the Helensburgh moor it has been 
so worn down that it has lost its morainic contour, and is 
represented by a line of sand hummocks, sections of which are 
exposed in shallow pits on the southern side of the road. The 
material here consists of stratified sands and loams, with pebbles 
and boulders of Old Red Sandstone conglomerate, Old Red 
Sandstone, quartzite, and schist, and it includes one band of 
loam as finely bedded as a lake deposit. The moraine can be fol
lowed south-eastward across the moor, and regains the character 
of an irregular ridge. It passes (alt. 328 feet) by the south
western corner of the Benuchara wood, and continues eastward 
along the wood, which is on morainic sand, exposed in the 
stream beds. It gradually rises up the slopes of Benuchara 
moor to the level of 600 feet, to the south of Benuchara Castle,, 
where it appears to die out at a slightly lower level than on 
the opposite slopes of • Shantron Hill. It, however, extends 
sufficiently far to the east to show its relations to the presumed 
Glen Fruin glacier. 

The course of the moraine is, therefore, shaped like a " U , " 
with the two arms projecting eastward on both sides of Glen 
Fruin, and the ourved base pointing up the glen. This fact 
seems to us conclusive as to the origin of the moraine. Had 

* Trans. Geol. Soc. Glasgow, vol, ix., pt. 2, p. 353. 
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it been formed by a glacier coming down Glen Fruin the arms-
would have been lateral moraines, and have projected 
westward up the valley from the base of the " U," which would 
have been formed.as a terminal moraine, and would have pointed 
down the valley. 

THE INTRA-MORAINIC AND EXTRA-MORAINIC CONTRAST. 

The course of the moraine clearly shows that the ice to which 
it was due must have come from the east. This conclusion is 
supported by a comparison of the ground on both sides of 
the moraine. It must be remembered that we are dealing with 
the recession of a valley glacier after the disappearance of an 
ice sheet that had covered the whole district. Hence the country 
on both sides of the moraine was glaoiated before the formation 
of these moraines. 

Nevertheless, there is a well-marked contrast between the 
intra-morainic and extra-morainic areas, due to the deposition-
of morainic material. Standing on the moraine near Inver-
lauren a striking contrast is noticed between the turf-clad, level 
slopes to the west, outside the moraine, and the irregular hum-
mocky ground, with its growth of rushes and peat, within it. 
The predominant soil to the west of the moraine is loam, and 
to the east it is sand, with peat in the wet hollows. 

The contrast in the vegetation is so conspicuous that it can 
be noticed from the opposite side of Glen Fruin, whence the 
position of the moraine can be recognised by the sharp boundary 
between the turf outside the moraine and the rank growth 
within. The upper part of Glen Fruin shows comparatively 
little glacially deposited material. Moraines are marked on 
the Geological Survey map at Strone (alt, 500 feet), near the 
head of Glen Fruin, but they consist of only a short line of low 
mounds at the foot of the ridge which separates Glen Fruin 
from Faslane Bay, in Gareloch. Glen Fruin above the moraine 
shows little sand and no conspicuous sand hummocks, but all 
down lower Glen Fruin, within the moraine, the ground is 
littered with irregular mounds and hills of sand. The most 
conspicuous of these hills is Dumfin or Fingal's Hill, which 
rises to the height of 277 feet, or about 140 feet above the 

VOL. XIII., PT. I. E 

on June 2, 2015
 at University of Birminghamhttp://trngl.lyellcollection.org/Downloaded from 

http://trngl.lyellcollection.org/


50 TRANSACTIONS—GEOLOGICAL SOCIETY OF GLASGOW. 

adjacent floor of the valley. This hill consists of a heap of 
bouldery, cannon-shot gravel, and sand. It is, perhaps, a 
fragment of a moraine which once extended right across the 
valley, and was connected to a bank of similar .material, forming 
a well-marked terrace on the southern side of the valley near 
Benuchara Castle, a little below the 300 feet contour. The 
exposed sections in these beds are poor, and we have seen no 
large angular boulders in them; their material is more kame-
like in composition than that of the well-defined moraine to the 
west. These Dumfin beds may be the remain* of a wide sheet 
of gravel deposited by water on the edge of the retreating ice. 
They are obviously part of a ridge that was concentric to the 
Glen Fruin moraine, and was deposited in a later stage of the 
retreat of the ice. A well-marked glaciated surface stands near 
Dumfin inside a gate from the road south of Meikle Dumfin. 

East of the Dumfin line there are numerous scattered sand 
hillocks on the plains beside Loch Lomond; they must be the 
remains of a sheet of sand deposited by the melting of the 
glacier. The material was probably laid down by water, so 
that it is not morainic, but the materials are so similar in 
character to those of the Glen Fruin moraine that they were 
probably derived from the same source, though deposited 
differently. 

ERRATICS. 

Erratics have been scattered over the district by the older 
ice sheet, but they appear to be most numerous on the Loch 
Lomond side of the Glen Fruin moraines, and this fact also 
supports the view that the ice came from the east. The largest 
erratic that we have seen is that at Callendoun, 28 feet across, 
first described by Dr. R. L. Jack;* it stands beside the first 
stream crossed by the road from Cross Keys to Highfields, 
and to the south of the road; its position is marked on 
the 6-inch Ordnance map. South of Highfields there is another 

* For references to the literature regarding this boulder, see D. Bell, 
Trails. Geol. Soc. Glasgow, vol. ix., 1891, p. 345; for a figure and an 

account of boulders also on the Loch Lomond side of the moraine line near 
Arden, see D. Bell "On some Boulders near Arden, Loch Lomond." 
Ibid., vol. viii., pt. 2, 1888, pp. 254-261 and p. 341. 
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OTHER CORRESPONDING MORAINES. 

If the Glen Fruin moraine be due to Loch Lomond ice, then 
evidence of similar moraine lines might be expected at other 
localities beside Loch Lomond. Remains of them occur at 
various localities along the loch. Thus, at Luss there is a 
shelf along the hillside at the level of about 600 feet above the 
sea, and upon this shelf are hillocks of sand similar to those 
of the Glen Fruin moraine; this line of material can be seen 
around the shoulder of the hill at the southern side of the 
entrance to Glen Luss. The terrace and its hills of sand may 
be traced southward along the hill face between Glen Luss and 
Glen Finlas, descending gradually. There is a well-marked 
difference between the soil above and below this shelf, as the 
lower slopes contain more sandy material, like that of the 
moraine. 

At Rowardennan there are horizontal terraces of drift along 
the hillsides, also at the approximate height of about 600 feet; 
they are probably due to accumulation along the edge of the 
glacier at some stage in its retreat 

The most conspicuous of the Loch Lomond moraines are in 
Glen Falloch and at the promontory at Rudha Ban, If miles 
south of the northern end of the lake.* A hard ridge of gneiss 
there projects into the lake, and its northern face is buried by 
a thick mass of typical morainic material composed of sandy 
clay, with many large boulders. This deposit was no doubt 

* This Rudha Ban moraine has been referred to by J. Anderson. 
Evidences of the most recent Glaciers in the Firth of Clyde district." 

—Trans. Geol Soc. Glasgow, vol. x., pt. 2, 1896, p. 203, 

large boulder of contorted gneiss near the head of the next 
stream, which rises south of the road, and passes across the 
western part of Spittal Wood. "The boulder above Arden 
measures 18 feet 9 inches long by 12 feet broad and 9 feet 
high. The " Long-Acre Boulder" is 9£ feet by 7 feet 8 inches 
by 7 feet. Erratics are more numerous on and within the 
moraine than they are outside it, and are further evidence that 
the ice came from the east of the moraine and crossed Lower 
Glen Fruin. 
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formed as a terminal moraine during the retreat of the valley 
glacier after it had been greatly reduced in thickness by the 
melting away of the upper'layers of clear ice; hence most of 
the glacier probably consisted of ice charged with intra-glacial 
material, which gave rise to a normal valley moraine. 

The view that the Glen Fruin moraines were formed by 
the Loch Lomond glacier rests on the probable assumption 
that the ice, on escaping from the steep, narrow valley of Loch 
Lomond, spread over the Lowlands at its southern end. This 
expansion would have carried the ice eastward up.the Endrick 
Valley, as well as westward into Glen Fruin. Hence it is 
natural to inquire what traces of corresponding moraines there 
may be in the valley of the Endrick, on the eastern side of 
Loch Lomond. 

There are many hummocks of drift on the hill slopes to the 
north of Drymen, such as the mound at Shandon, half a mile 
north of Drymen, and a little below the level of 300 feet; 
other mounds which, if morainic, should from their position 
be connected with Loch Lomond ice, occur at the height of about 
500 feet outside the western edge of High Wood, beside the 
Gartmore Road. 

The most interesting moraine in this neighbourhood is that 
marked on the Geological Survey map (sheet 38) as "Karnes 
Strewn with Blocks of Highland Grit." The line of " Karnes " 
is marked on the map for a length of three miles from the 
level of 650 feet, at a point If miles west by south from Gualann, 
to the level of about 300 feet on the road from Drymen to 
Aberfoyle. The ridge is 30 feet high and 100 feet wide at the 
base in the section cut through it by the Ward Burn, where 
the road from Drymen to Gartmore crosses the moraine. In 
places the moraine is not a distinct ridge, but a platform 
deposited on the side of the hill; and further east, beside the 
Aberfoyle road, the moraine is both thicker and broader, and 
has been worn into a series of irregular hills. 

It appeared possible that this ridge might be the eastern 
lateral moraine of the Loch Lomond glacier, but the evidence 
in the field is conclusive against this hypothesis. 

The ridge can be traced across the valley of the stream flowing 
northward into Flanders Moss, followed by the railway; it 
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passes north of Kepculloch, where it rises to 300 feet, and 
continues eastward, skirting the Stirling road. It probably 
includes the hills marked on the 6-inch map (Stirling Sh. XV.) 
:as Lady Stirling's Knowe (300 feet) and^the Cairn of Cashlie. 
It has been greatly denuded at Buchlyvie, which is situated upon 
it; further east a detached hill, Cowden Knowes (182 feet), 
700 yards north-east of Buchlyvie Church, is a fragment of this 
old moraine. 

We prefer to call this ridge a moraine rather than a kame, for 
most of it consists of dark clay derived from the shales of the 
Old Red Sandstone, and it contains many boulders. They are 
largest in the western part, where they are mainly angular 

b̂locks of schistose grit, one of which is 11 feet by 9 feet; further 
to the east the boulders are smaller, and blocks of Old Red 
Sandstone become conspicuous. In one group of seventeen 
boulders in 20 square yards, eleven are schists and six are 
Old Red Sandstone. Still further east, near the Drymen road, 
the great majority of the boulders are Old Red Sandstone. 

This moraine line agrees in many respects with that of Glen 
Fruin, and in parts of its course it is of the same height, width, 
and contour, although it contains more clay. Its crescentic 
course, with the curve outward to the south-west, shows that 
the ice which deposited it lay to the north-east. We saw no 
erratics of rocks from the northern end of Loch Lomond, but 
only masses of schistose grit and slate, which no doubt came 
from the continuation of the Aberfoyle Slates and Grits. 

This moraine shows, moreover, the same contrast as at Glen 
Fruin between the ground on either side. The fields to the 
south-west of the moraine are more level, and of much better 
soil than the ground to the north, which is often strewn with 
sand and hillocks, some of which are quite detached from the 
main moraine. 

This moraine is the remnant of the lateral and part of the 
terminal moraine of a glacier which came down the valley 
between Ben Lomond, Beinn Uird, Beinn Bhreac, Gualann, and 
Bad Ochainaich on the west, and the bold cliff above Loch Chon 
^nd Loch Ard, which forms the western and southern slopes of 
the Ben Venue mass, on the north-east. 

Between these ridges there is a valley with its floor rising 
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gradually from Flanders Moss to the moors (alt. about 400 feet) 
west of Gartmore, rising to 683 feet at Elrig, 566 feet at Innis 
Ard, and thence passing to the east of Ben Lomond to the 
mountains of Beinn a Choin and Meall Mor, the probable source 
of the glacier which deposited the Buchlyvie moraine. 

Judging from conditions of preservation, this Buchlyvie 
moraine was probably formed at about the same time as that 
of Glen Fruin. 

THE FRUIN WATER AND THE HELENSBURGH AIR GAP. 

One interesting feature in connection with the Glen Fruin 
moraine is its relation to the physiography of the district. The 
upper part of the glen is a flat-floored valley with a wide 
sheet of level alluvium, in one place half a mile wide and 
about three miles long. This alluvial plain ends at the chapel 
of West Kilbride, where the character of the valley suddenly 
changes. The Fruin Water plunges over a waterfall into a 
young, deep gorge entrenched on the floor of the older valley. 
The formation of this deep gorge has breached the Glen Fruin 
moraine opposite Inverlauren and cut through the ridge of 
Dumfin, beyond which it widens out on to the broad plains 
beside Loch Lomond. The fact that both Dumfin and the 
Inverlauren moraine come down almost to the floor of the 
valley shows that the whole of the young gorge is not pre-
glacial. The Fruin Water has re-excavated its channel through 
the soft sands which filled it up. Probably the whole of the 
gorge below West Kilbride has been corroded since the first 
glaoiation of this district, but there appears to have been no-
extensive denudation of rock since the retreat of the Loch 
Lomond glacier. The change in the character of the Glen 
Fruin valley takes place at the height of 350 feet above sea-
level. At the height of a little below 300 feet there is an air 
gap through the southern bank of the Fruin Water above 
Helensburgh. 

When Lower Glen Fruin was blocked by ice at the level of the 
Inverlauren moraine the Fruin Water would have been dammed 
back and formed a lake in the upper glen, in which its wide 
sheet of alluvium was deposited; the drainage from the lake 
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•would have escape over the wide air gap above Helensburgh to 
the Clyde. The lowest point on this divide is at the level of a 
little below 300 feet at the head of Drumfork Burn, which dis
charges at Craigendoran. 

The coincidence in level of the junction of the old and young 
valleys of Glen Fruin, the height of the Helensburgh air gap 
and of the Glen Fruin moraine, shows that these three 
geographical features were connected. The alluvial plain at the 
height of 350-450 feet in Upper Glen Fruin, therefore, corre
sponds to the sheet of alluvium in the Blane Valley, south of 
Killearn, for that was due to the existence of another glacier 
lake, formed by the Loch Lomond ice blocking the Endrick 
"Water, which rose till it found an outlet through the Blane Valley 
into the Kelvin. 
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